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(54) Throw-away type end mill 



(57) First and second tips (4A) and (48) are dis- 
posed on the outer periphery of the fonA^ard end of an 
end mill body (1 ) in the following manner. The tips (4A) 
and (4B) are displaced from each other in the peripheral 
direction of the end mill body (1 ). The rotation loci of 
edges of the first and second tips (4A) and (48) around 
the axis (O) of the end mill body (1 ) are overlapped with 
each other. The edge of the first tip (4A) protrudes slight- 
ly farther toward the forward end of the end mill than the 
edge of the second tip (48). Further, third tips (4C) ... 
are disposed adjacent to the base end of the second tip 
(48) in such a manner that no gap is formed between 
the rotation locus of the edge of the third tip (4C) located 
most adjacent to the forward end of the end mill body 
and the rotation locus of the rear end of the second tip 
(48). As a consequence, the second tip (48) and the 
third tips (4C) ... can be spirally formed in the reanward 
rotating direction of the end mill as they go toward the 
base end of the end mill. The respective tips (4) ... are 
formed of only one type of tips of the same shape and 
dimensions. 




1 



EP0 711 619 A1 



2 



Description 

The present invention relates to a tiirow-away type 
end mill used for performing a grooving or fluting oper- 
ation on various types of workpieces. 

As a throw-away end mill of this type, the end mill 
disclosed in Japanese Utility Model Publication No. 
6-7855 is known by way of example. The end mill dis- 
closed in this publication is constructed as follows. A plu- 
rality of tip mounting seats are spirally formed on the 
outer periphery of a generally cylindrical end mill body. 
Quadrilateral tabular throw-away tips (hereinafter re- 
ferred to as "the tips") whose each face forming the 
quadrilateral shape is used as an outer peripheral relief 
face are detachably mounted on the respective tip 
. mounting seats in such a manner the tips are directed 
toward the outer periphery of the end mill. Edgeis formed 
on the tips constitute the outer peripheral edges of the 
end mill in such a way that no gap is formed between 
the rotation loci of the edges formed on the tips around 
the axis of the end mill body. 

On the other hand, a quadrilateral tabular tip formed 
in a shape different from the tips having the above-de- 
scribed outer peripheral edges is attached to the outer 
periphery of the fonward end of the end mill body in such 
a manner that the face of the tip forming the quadrilateral 
shape is directed toward the forward end of the end mill. 
One of the edges formed on side ridges of the face form- 
ing the quadrilateral shape is used as an end cutting 
edge of the end mill. A forward-end and outer-peripheral 
edge is further provided with the tip, as well as the end 
cutting edge, in such a way that the forward-end and 
outer-peripheral edge extends from the end cutting 
edge and is directed toward the outer periphery of the 
forward end of the end mill body. No gap is formed be- 
tween the rotation locus of the outer peripheral edges 
around the axis O and the rotation locus of the rear end 
of the forward-end and outer-peripheral edge so that the 
forward-end and outer-peripheral edge can constitute 
the forward end portion of the outer peripheral edges. 

However, the throw-away type end mill constructed 
as described above presents the following problems. 
The tip forming the end cutting edge differs in shape 
from the tips forming the outer peripheral edges, which 
inevitably making the maintenance of tips in one end mill 
body complicated and troublesome. In particular, the tip 
attached to the fonward end of the end mill body consti- 
tutes not only the end cutting edge, but also the forward- 
end and outer-peripheral edge which singly forms the 
forward end portion of the outer peripheral edges. Ac- 
cordingly, this type of tip becomes worn very quickly. In 
addition to this disadvantage, since this tip is formed in 
a shape different from the other tips constituting the out- 
er peripheral edges, the two types of tips are not inter- 
changeable. This entails that an extra tip of the former 
type be kept in hand in advance in order to speedily cope 
with the aforementioned early wear, with the result that 
the maintenance of tips becomes further complicated 



and troublesome. 

Accordingly, in view of the above-described back- 
ground, an object of the present invention is to provide 
a throw-away type end mill in which the maintenance of 

5 tips can be simplified, and the wear of the fon^^ard-end 
and outer-peripheral edge of the tip which forms the end 
cutting edge can be inhibited, thereby achieving the 
longer life of the tip. 

In order to achieve the above object, in a particularly 

10 preferred embodiment the present invention provides a 
throw-away type end mill comprising a generally cylin- 
drical end mill body having a plurality of tip mounting 
seats formed on the outer periphery of the end mill body, 
and quadrilateral tabular throw-away tips of the sarne 

15 shape and dimensions detachably mounted on the 
mounting seats, respectively, in such a manner that a 
face forming the quadrilateral shape, serving as a rake 
surface, is directed in the rotating direction of the end 
mill and that a cutting edge formed on a side ridge of the 

20 rake face Is positioned adjacent to the outer periphery 
of the end mill, wherein the throw-away type tips include 
at least a pair of throw-away type tips, each pair having 
first and second tips, disposed at the forward end of the 
end mill body, and at least one third throw-away type tip 

25 disposed adjacent to the base end of the second tip, the 
first and second tips being displaced from each other in 
the peripheral direction of the end mill body, wherein the 
rotation loci of the edges of the first and second tips 
around the axis of the end mill body are overlapped with 

30 each other, and the edge of the first tip is located to pro- 
trude slightly farther toward the forward end of the end 
mill than the edge of the second tip, the third tip being 
arranged in such a manner that no gap is formed be- 
tween the rotation locus of the edge of the third tip and 

35 the rotation locus of the rear end of the edge of the sec- 
ond tip so that the second and third tips are spirally 
formed toward the rear rotating direction of the end mill 
as they go toward the base end of the end mill. 

In the throw-away type end mill constructed as de^ 

40 scribed above, the first tip constituting the end cutting 
edge is the same shape and dimensions as the second 
and third tips constituting the outer peripheral edges. 
That is, since all the tips attached to the end mill body 
are of only one type, the maintenance of the tips can be 

45 remarkably simplified. Additionally, the edge of the first 
tip serving as the fonA/ard-end and outer-peripheral 
edge is located in relation to the edge of the second tip 
in such a manner that the rotation loci of the edges of 
the first and second tips around the axis can be over-r 

so lapped with each other. With this arrangement, a load 
acting upon the edge of the first tip can be decreased, 
thereby inhibiting the wear of the first tip. 

The present invention is further illustrated, by way 
of examples and with reference to the accompagnated 

55 drawings, wherein : 

Fig. 1 is a side view illustrating one embodiment of 
the present invention. 

Fig. 2 is a front view of the embodiment shown jn 
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Fig. 1 , as viewed from the forward end thereof. 

Fig. 3 is a plan view of the embodiment shown in 
Fig. 1 , as viewed from the arrow X of Fig. 1 , 

Fig. 4 is an exploded side view of the embodiment 
shown in Fig. 1 . 6 

Fig. 5 is a side view illustrating another embodiment 
of the present invention. 

Fig. 6 is a front view of the embodiment shown in 
Fig. 5, as viewed from the forward end thereof. 

Fig. 7 is a plan view of the embodiment shown in 
Fig. 5, as viewed from the arrow Y of Fig. 5. 

Fig. 8 is an exploded side view of the embodiment 
shown in Fig. 5. 

Fig. 9 is a side view illustrating still another embod- 
iment of the present invention. 

Fig. 10 is a front view of the embodiment shown in 
Fig. 9, as viewed from the forward end thereof. 

Fig. 11 is an exploded side view of the embodiment 
shown in Fig. 9. 

An embodiment of the present invention will now be 
described with reference to Figs, 1 -4. 

In this embodiment, a generally cylindrical end mill 
body generally denoted by 1 is formed of a steel mate- 
rial, or the like. Four chip pockets 2... are formed at 
equal intervals circumferentially on the outer periphery 
of the foHA/ard end of the end mill body 1 . Among these 
chip pockets 2 .... one pair of chip pockets 2A, 2A op- 
. posed ly facing each other across the axis O of the end 
mill body 1 are formed only at the fonA^ard end of the 
periphery of the end mill body 1 . On the other hand, a 
pair of chip pockets 2B, 2B are spirally formed, extend- 
ing in a twisting manner in the rearward rotating direction 
(indicated by the arrow in the figures) of the end mill 
around the axis O as they go from forward end to the 
base end on the outer periphery of the body 1 . 

First tip mounting seats 3A, 3A are respectively 
formed on the walls 2a of the pair of chip pockets 2A, 
2A facing in the rotating direction of the end mill. On the 
other hand, second tip mounting seats 3B, 38 are re- 
spectively formed at the extreme fonward ends of the 
wall surfaces of the chip pockets 2B, 2B facing in the 
rotating direction of the end mill. Five third tip mounting 
seats 3C ... are further formed farther toward the base 
end of the end mill than the second tip mounting seats 
SB. First, second and third tips 4A, 4B and 4C are de- 
tachably fixed to the first, second and third tip mounting 
seats 3A, 3B and 3C, respectively, by means of clamp 
screws 5. Accordingly, in this embodiment, two pairs of 
tips, each pair having first and second tips 4A and 4B, 
are provided for one end mill body 1 . 

In this embodiment, all the first, second and third 
tips 4A, 4B and 4C are each formed of a hard material, 
such as a cemented carbide or the like, in the shape of 
a tabular parallelogram of the substantially same shape 
and dimensions. The tips 4 are of the type of positive 
tips constructed as described below. Major cutting edg- 
es 6. 6 are formed on the long side ridges of one face 
4a forming the parallelogram, while lateral faces formed 



between the respective major cutting edges 6, 6 and the 
other face of the parallelogram each have an angle of 
relief. Further, minor cutting edges 7, 7 are formed on 
the short side ridges of the above-described face 4a in 
such a manner that they extend from the major cutting 
edges 6, 6, respectively. One of the minor cutting edges 
7, 7 of the first tip 4A is used as an end cutting edge of 
the end mill. 

Among the tip mounting seats 3A, 3B and 3C having 
the aforementioned tips 4A, 4B and 4C mounted there- 
on, the first tip mounting seat 3A is defined by a bottom 
surface 3a directing in the rotating direction of the end 
mill, a wall surface 3b raised from the bottom surface 3a 
and directing toward the outer periphery of the end mill, 
and a wall surface 3c also raised from the bottom sur- 
face 3a and directing toward the forward end of the erid 
mill. The first tip mounting seat 3A constructed as de- 
scribed above is formed in a recessed shape in one step 
backward from the wall surface 2a of the chip pocket 2 
in the rearward rotating direction of the end mill. 

The above-described first tip 4A is mounted on the 
first mounting seat 3A according to the following proc- 
ess. The major face 4a forming the parallelogram, serv- 
ing as a rake face, is directed in the rotating direction of 
the end mill, while the other face forming the parallelo- 
gram, sen/ing as a seating face, is intimately seated on . 
the bottom surface 3a. One of the major cutting edges 
6 and the associated minor cutting edges 7 are posi^ 
tioned adjacent to the outer periphery and the forward 
end of the end mill, respectively. The lateral faces con- 
tinuing from the other major and minor cutting edges 6 
and 7 are brought into contact with the wall surfaces 3b 
and 3c, respectively With this construction, the major 
cutting edge 6 located toward the outer periphery of the 
end mill has a positive axial rake angle a. as shown, in 
Fig. 4. The axial rake angle a provided for the cutting 
edge 6 of the first tip 4A is desirably set to be in a range 
of from 5° to 15°. In this embodiment, the axial rake an- 
gle a is set to be 14°. 

Among the above-described tip mounting seats 3A, 
3B and 3C, the second tip mounting seats 3B, 3B are 
each defined by a bottom surface 3a facing in the rotat- 
ing direction of the end mill and a wall surface 3b facing 
toward the outer periphery of the end mill. The third tip 
mounting seats 3C are each defined by a wall surface 
3d facing toward the base end of the end mill in addition 
to the aforementioned bottom surface 3a and the wall 
surface 3b. This wall surface 3d is disposed to.extend 
from the base end of the bottom surface 3a of the ad- 
joining mounting seat 3B or 3C located farther toward 
the forward end of the end mill. Accordingly, the second 
tip mounting seats 3B and 3C are spirally disposed in 
the form of steps on the wall surface of the chip pocket 
2B facing in the rotating direction of the end mill. The 
helical angle 0 of the spiral formed by the second and 
third tip mounting seats 38 and 3C ... is desirably set to 
be in a range of from 40" to 56^ In this embodiment, the 
helical angle 6 is set to be 43°. 
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The second tip 4B is mounted on the second tip 
mounting seat 38 according to the following process. 
The abovementioned face 4a sending as the rake face 
is directed in the rotating direction of the end mid, while 
the other face serving as the seating face is brought into 
intimate contact with the bottom surface 3a. Further, one 
of the major cutting edges 6 is positioned on the outer 
periphery of the end mill, and the lateral face extending 
from the other cutting edge 6 is brought into intimate 
contact with the wall surface 3b. Moreover, the third tips 
3C ... are mounted on the third mounting seats 3C re- 
spectively, in a manner similar to the second tip 3B. The 
rake face 4a is directed In the rotating direction of the 
end mill, while the other face is brought into Intimate con- 
tact with the bottom surface 3a. Further, one of the cut- 
ting edges 6 is positioned on the outer periphery of the 
end mill, while the lateral face extending from the other 
. edge 6 is brought into intimate contact with the wall sur- 
face 3b. Then, the lateral face extending from the minor 
cutting edge 7 adjacent to the fonward end of the end 
mill is brought into intimate contact with the wall surface 
3d. 

The cutting edge 6 of the second tip 4B located on 
the outer periphery of the end mill, as well as the cutting 
edge 6 of the first tip 4A, has a positive axial rake angle. 
In this embodiment, the axial rake angle p of the second 
tip 48 is set greater to the side of the positive angle than 
the axial rake angle a of the first tip 4A. The axial rake 
angle p of the cutting edge 6 of the second tip 48 is de- 
sirably set to be in a range of from 10** to 30". In this 
embodiment, the angle P is set to be 20°. The cutting 
edges 6 of the respective third tips 4C .. also have the 
same axial rake angle |3 equal to the angle provided for 
the cutting edge 6 of the second tip 48. 

Since the second and third tip mounting seats 38 
and 3C ... are disposed in the form of steps in this em- 
bodiment, the axial rake angle p never becomes greater 
than the helical angle 9 of the second and third tip 
mounting seats 38 and 3C ... 

The rear end of the cutting edge 6 of the second tip 
48 is located in the same axial position as the rear end 
of the edge 6 of the first tip 4A along the axis O. Because 
of this arrangement, the rotation locus of the edge 6 of 
the first tip 4A is overlapped with the locus of the edge 
6 of the second tip 48. 

In this embodiment, however, the axial rake angle 
P of the cutting edge 6 of the second tip 48 is set greater 
than the angle a of the edge 6 of the first tip 4A, With 
this arrangement, the fon^/ard end of the cutting edge 6 
of the first tip 4A protrudes slightly farther toward the 
forward end of the end mill than the forward end of the 
. edge 6 of the second tip 48. 

Thus, in this embodiment, the rear ends of the edg- 
es 6 of the first and second tips 4A and 48 are placed 
in the same axial position along the axis O, while the 
axial rake angles a and p of the respective edges 6 are 
set different from each other. As a consequence, the cut- 
ting edge 6 of the first tip 4A protrudes slightly farther 



toward the fonward end of the end mill than the edge 6 
of the second tip 48. This positional relationship be- 
tween the edges 6 of the first and second tips 4A and 
48 may be achieved by the following modification. That 

s is, the axial rake angles a and p may be set equal to 
each other, while the rear end of the first tip 4A is dis- 
placed from that of the second tip 48 along the axis O! 

The protrusion amount 5 of the cutting edge 6 of the 
first tip 4A in relation to the edge 6 of the second tip 48 

10 is desirably set to be in a range of from 0.1 mm to 3.0 
mm. In this embodiment, the protrusion amount 5 is set 
to be 0.4 mm. 

The third tips AC ... are each located in such a man- 
ner that the forward end of the cutting edge 6 thereof is 

75 positioned slightly farther toward the forward end of the 
end mill in the direction of the axis O than the rear end 
of the edge 6 of the adjoining second tip 48 or the ad^ 
joining third tip 40 toward the forward end of the end 
mill. With this construction, a train of the cutting edges 

20 6.. . is formed on the outer periphery of the end mill body 
1 in such a way that no gap is formed between the ro- 
tation loci of the edges 6 ... around the axis O from the 
forward end adjacent to the edges 6, 6 of the first and 
second tips 4A and 48 to the base end of the end mill. 

25 The peripheral edges of the throw-away type end mill of 
this embodiment are thus formed. 

In the throw-away type end mill constructed as de- 
scribed above, the first, second and third tips 4A, 48 and 
4C ... are formed in the same shape and same dimen- 

30 sions and are thus interchangeable. Accordingly, when 
replacements of tips 4 are required due to abrasion, 
chipping, etc., it is essential only that one type of spare 
tips 4 be kept on hand, thereby coping with speedy re- 
placements of any of the tips 4A, 48 and 4C. This makes 

35 it possible to extremely simplify the maintenance of the . 
tips 4 in the end mill body 1 , thereby reducing the labor 
required for the maintenance of tips and providing in^ 
creased working efficiency. 

There sometimes may be cases in which the third 

40 tip 4C adjacent to the base end of the end mill body 1 is 
not actually used for cutting, for example, in case in 
which the depth of cut to be formed by the throw-away 
type end mill is small. In such a case, one of the tips 4A 
- 4C which have become worn or chipped may be re- 

45 placed with the third tip 4C which is not used for cutting. 
With this replacement, the wear of the tips 4 can be 
promptly handled without the necessity of having to 
keep spare tips 4 on hand, thereby further increasing 
working efficiency. 

so Moreover, only a pair of trains of the cutting edges 
6 ... of the continuous five third tips 4C ... are disposed 
adjacent to the base end on the outer periphery of the 
end mill body 1. In contrast, two pairs of tips, each pair 
having first and second tips 4A and 48, that is, two pairs 

55 of the edges 6, 6, are disposed adjacent to the fonvard 
end on the outer periphery of the end mill body .1 in such 
a manner that the rotation locus of the edges 6 of the 
first tips 4A around the axis O is overlapped with the 
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locus of the edges 6 of the second tips 4B. With this 
construction, it is possible to decrease a load acting 
upon the individual edges 6 of the first and second tips 
4A and 4B during a cutting operation. This inhibits the 
. frequencies of occurrences of wear and chipping, there- 
by achieving the longer life of the tips. 

In particular, in the first tip 4A whose minor cutting 
edge 7 extending from the major cutting edge 6 is used 
as the end cutting edge of the end mill, it is iil^ely that 
the wear of the overall tip 4A will be hastened due to 
abrasion of the cutting edge 7. Under these conditions, 
if the load acting upon the cutting edge 6 of the first tip 
4A during a cutting operation is equal to the load upon 
the edges 6 of the third chips 4C ..... which has been 
suffered by the foregoing conventional end mill, the first 
tip 4A becomes seriously worn out, which may result in 
the necessity of very frequent replacements of the first 
tips 4A. Further, the above conventional type of the end 
mill is employed for cutting by rotating the generally cy- 
llndrlcal end mill body 1 around the axis O after the base 
end of the end mill body 1 is attached to the spindle of 
a machine tool, such as a machining center or the like. 
Consequently, it is very likely that a deflection will occur 
to the forward end of the end mill body 1 which is located 
farthest away from the spindle. This deflection may eas- 
ily increase the cutting load acting upon the cutting edge 
6 of the first tip 4A located at the extreme forward end 
of the body 1 , thereby further accelerating the wear of 
the tip 4A. 

In contrast to the conventional type of end mill, the 
throw-away type end mill of this embodiment is con- 
structed as described above. Namely the rotation locus 
of the cutting edge 6 of the first tip 4A Is overlapped with 
the locus of the edge 6 of the second tip 4B, thereby 
inhibiting the abrasion of the edge 6 of the first tip 4A. 
This makes it possible to ensure the uniformity of the 
degree of wear among the first, second and third tips 
4A, 48 and 4C, thereby preventing very frequent re- 
placements of the tips. 

Due to the synergistic effect of the aforementioned 
advantage and the foregoing simplified maintenance for 
tips, the overall easy maintenance of tools can also be 
enhanced, thereby further improving the working effi- 
ciency 

Further, the tip mounting seat 3A is independently 
formed in a position in which it is circumferentially dis- 
placed from the second tip mounting seat 3B which 
forms steps with the third chip mounting seats 3C ... lo- 
cated at the base end. Because of this construction, the 
first tip mounting seat 3A can be defined by the bottom 
surface 3a facing in the rotating direction of the end mill, 
the wall surface 3b facing toward the outer periphery of 
the end mill, and the wall surface 3c facing toward the 
fonward end of the end mill. The first tip 4A can be ac- 
curately and securely mounted on the mounting seat 3A 
along the axis O by bringing the lateral face of the first 
tip 4A into contact with the wall surface 3c. Along with 
this secure fixation of the first tip 4A, the minor cutting 



edge 7 of the first tip 4A protruding to the forward end 
. of the end mill so as to be used as the end cutting edge 
can be accurately located along the axis O. Accordingly, 
by use of the throw-away type end mill constructed as 
s described above, the bottom face of a workpiece can be 
finished with high precision in a grooving or fluting op- 
eration. 

On the other hand, since the second tip mounting 
seat 3B Is defined by only the bottom surface 3a and the 

10 wall surface 3b facing toward the outer periphery of the 
end mill, the second tip 4B is not so securely located 
along the axis O as the first tip 4A. However, since the 
minor cutting edge 7 of the second tip 4B is located in 
a more receding position toward the base end than the 

75 edge 7 of the first tip 4A, it is not involved in the actual 
cutting operation. As a consequence, even if the second 
tip 4B is mounted on the mounting seat 3B along the 
axis O with a small amount of errors, the precision of the 
machined bottoni face of a workpiece cannot be im- 

20 paired. 

On the contrary, in this embodiment, the second tip 
mounting seat 3B and the third tip mounting seats 30 ... 
are not each provided with the wall surface 3c facing 
toward the forward end of the end mill but provided with 

2S the bottom surface 3a and the wall surface 3d which are 
spirally disposed in the form of steps in the rearward ro- 
tating direction of the end mill. The base end of the 
above-described face 4a forming the parallelogram, 
which is used as the rake face of each of the tips 4B and 

30 AC ... mounted on the respective mounting seats 3B and 
3C can thus be freed into the chip pocket 2B. According 
to this embodiment constructed as described above, a 
large volume of comparatively-broad chips produced by 
the cutting edges 6 ... of the second and third tips 4B 

35 and 4C ... can be speedily discharged into the tip pock- 
ets 2 from the respective rake faces, and can be smooths 
ly exhausted to the exterior. 

Also, in this embodiment, all the tips 4 ... attached 
to the end mill body 1 each have a positive axial rake 

40 angle. In particular, in the first and second tips 4A and 
4B attached to the fonward end of the end mill body 1, 
the axial rake angle p of the cutting edge 6 of the second 
tip 4B is set greater than the axial rake angle a of the 
edge 6 of the first tip 4A. With this arrangement, the tips 

4S 4 of the same shape and same dimensions whose cut- 
ting edges 6 also have the same length are used as the 
first and second tips 4A and 4B. Moreover, on one hand, 
the rear ends of the cutting edges 6 of the first and sec- 
ond tips 4A and 4B are located in the same axial posrtiori 

so along the axis O. On the other hand, the fonvard end of 
the cutting edge 6 of the first tip 4A protrudes slightly 
farther toward the fon/vard end of the end mill than that 
of the edge 6 of the second tip 4B. With this construction, 
the associated minor cutting edge 7 can be used as an 

55 end cutting edge. 

The rear ends of the edges 6 of the first and second 
tips 4A and 4B are located in the same axial positions 
along the axis O, as described above, which would pth- 
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erwise cause the generation of steps on a work surface 
during a grooving or fluting operation. By virtue of this 
advantage, the work wall surface can be machined with 
high precision. Additionally, the bottom worksurface can 
also be machined with high precision by use of only the 
minor cutting edge 7 of the first tip 4A as the end cutting 
edge. Given the aforementioned advantages, according 
to this embodiment, it is thus possible to form the overall 
machined surface with high precision in a grooving or a 
fluting operation. 

In this embodiment, the protrusion amount 6 of the 
cutting edge 6 of the first tip 4A in relation to the edge 6 
of the second tip 4B. that is, the protrusion amount of 
the minor cutting edge 7 of the first tip 4A provided for 
a cutting operation in relation to the edge 7 of the second 
tip 48 which is not used for cutting, is set to be.0.4 mm. 
if this protrusion amount 6 is excessively great, the 
amount of overlapping of the edges 6 of the first and 
second tips 4A and 48 becomes relatively small. This 
may increase the degree of the wear of the first tip 4A, 
in particular, the forward end thereof, which may further 
lead to inconsistencies In the degree of the wear among 
the tips. On the other hand, if the protrusion amount 6 
is excessively small, the minor cutting edge 7 of the sec- 
ond tip 48 may interfere with the bottom work surface 
which should be singly cut by the edge 7 of the first tip 
4A, which may cause an impairment of the precision of 
the machined bottom surface of a workpiece. 

Because of the reasons given above, the protrusion 
amount 5 is desirably set to be in a range of from 0.1 
mm to 3.0 mm as described above. 

Also, in this embodiment, the axial rake angle a of 
the major cutting edge 6 of the first tip 4A Is set to be 
14°; while the axial rake angle p of the edge 6 of the 
second tip 48 Is set to be 20^ The latter angle p is set 
greater than the former angle a so that tne above-de- 
scribed protrusion amount 6 can be obtained. If this axial 
rake angle a is too great, an amount of relief between 
the bottom work surface and the lateral face of the first 
tip 4A facing toward the forward end of the end mill, that 
is, the lateral face serving as a relief face provided with 
the minor cutting edge 7 used as the end cutting edge 
may become insufficient. 

Moreover, in this embodiment, the greater the axial 
rake angle a of the cutting edge 6 of the first tip 4A, the 
greater the axial rake angle p of the second and third 
tips 4B and 4C ... accordingly In other words, the axial 
rake angles of the edges 6 of all the tips 4 ... attached 
to the end mill body 1 become greater, which shortens 
the overall length of the edges 6 ... along the axis O. 
This entails that a larger number of tips 4 be attached 
to the.end mill body 1 . Or, if the cutting edge 6 is linearly 
formed, the distance from the edge 6 to the axis O varies 
from the fonward end to the rear end of the edge 6, wh ich 
may further cause deformation of the work wall surface. 

Conversely, the smaller the axial rake angle p, the 
smaller the axial rake angle a accordingly An exces- 
sively small angle a brings about an increase in the cut- 
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ting resistance acting upon the major cutting edge 6 and 
the minor cutting edge 7 of the first tip 4A, which Is used 
as the end cutting edge, which may disadvantageous^ 
promote the abrasion of the first tip 4A and increase the 
5 frequency of occurrence of chipping. This may result in. 
inconsistencies in the degree of the wear among the tips 
4... 

In order to avoid the above-described possible 
problems, the axial rake angle a of the cutting edge 6 
10 of the first tip 4A is desirably set to be in a range of from 
5** to IS'*, while the axial rake angle p of the edge 6 of 
the second tip 4B Is desirably set to be in a range of from 
10Mo30". 

Still further, the following type of tabular positive tips 

IS are used as the first, second and third tips 4A. 48 and 
4C in this embodiment. As described above, the major 
cutting edges 6, 6 are formed on the long side ridges of 
one face (rake face) 4a forming the parallelogram, and 
lateral faces (relief faces) formed between the cutting 

20 edges 6, 6 and the other face (seating face) forming the 
parallelogram each have an angle of relief. The minor 
cutting edges 7, 7 are fomaed at the short side ridges of 
the rake face 4a in such a manner that they extend from 
the major cutting edges 6, 6, respectively More specif- 

2S ically, the tip disclosed in Japanese Patent LaidOpen 
No. 5-30591 4 is desirably used as the first, second and 
third tips 4A, 4B and 4C ... in this embodiment. 

This tip has been invented by the present inventors: 
A nose portion is formed at a corner of a polygonal tab- 

30 ular tip body. A cutting edge is formed to extend from 
the nose portbn and located on at least one of two in- 
tersecting ridges formed by a pair of adjacent lateral fac- 
es of the tip body across the nose portion and by one 
face of the tip body extending from the nose portion. The . 

35 aforementioned face forms slant faces tilting toward the 
other face of the tip body as they go farther away from 
the nose portion. In accordance with the slant faces, the 
above-described two intersecting ridges also slant to- 
ward the other face of the tip body as they go farther 

40 away from the nose portion. The ridges formed by the 
respective slant faces and the respective lateral faces 
constitute brakes. As discussed above, at least one cut- 
ting edge slants toward the other face of the tip body as 
it goes farther away from the nose portion. With this con- 

45 struction, the axial rake angle and the radial rake angle 
can be set greater regardless of the angle of the bottom 
surface of the tip mounting seat. 

The aforementioned tip constructed as described 
above is employed as the above-described tips 4 for use 

so In the throw-away type end mill. Accordingly, it is possi- 
ble to ensure a sufficient thickness of the tip mounting 
seats 3 ... of the end mill body 1 in the reann^ard rotating 
direction of the end mill, while the cutting edges 6 ... of 
the first, second and third tips 4A, 48 and 4C ... have 

ss the foregoing suitable axial rake angles a and p.. This 
improves the rigidity of the end mill body 1 so as to prer 
vent the occurrence of the deflection of the end mill body 
1. With this advantage, according to this embodiment. 
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it Is further possible to effectively inhibit the wear of the 
tips, in particular, the wear of the first and second tips 
4A and 4B located adjacent to the forward end of the 
end mill which are Inevitably subjected to an increased 
load due to the possible deflection of the end mill body 
1 . The life of the tips can thus be further prolonged. 

Figs. 5 - 8 illustrate another embodiment of the 
present invention. The same elements as those de- 
scribed in the embodiment shown in Figs. 1 - 4 are des- 
ignated by like reference numerals. 

In this embodiment, a pair of chip pockets 2A and 
2B are formed at the tomard end of the outer periphery 
of the end mill body 1 in such a manner that they are 
located substantially opposedly facing each other with 
respect to the axis O. First and second tips 4A and 4B 
are mounted on tip mounting seats 3A and 38 formed 
at the forward ends of the chip pockets 2A and 2B, re- 
spectively. 

More specifically, this embodiment is constructed 
as follows. A pair of first and second tips 4A and 4B are 
disposed at the forward end of the end mill body 1 . The 
rotation locus of the cutting edges 6, 6 of the first tip 4A 
around the axis O is overlapped with the locus of the 
edges 6, 6 of the second tip 4B. Also, the edge 6 of the 
first tip 4A protrudes slightly farther toward the fonward 
end of the end mill than the edge 6 of the second tip 4B. 
Further, three third tips 4C ... are disposed adjacent to 
the base end of the second tip 4B In such a manner that 
no gap is formed between the rotation locus of the edge 
6 of the tip 4C located most adjacent to the fonvard end 
of the end mill body and the rotation locus of the rear 
end of the edge 6 of the second tip 4B. Because of this 
ai'rangement. the third tips SC.. can be spirally formed 
in the rearward rotating direction of the end mill as they 
go toward the base end of the end mill. 

Further, chip pockets 2C are formed on the outer 
periphery of the end mill body 1 so that they can be cir- 
cumferentially located between the chip pockets 2A and 
2B. Three fourth tip mounting seats 3D are each provid- 
ed on the wall surface of the chip pocket 2C directing in 
the rotating direction of the end mill in such a way that 
they are spirally disposed in the form of steps toward 
the reanAard rotating direction of the end mill as they go 
toward the base end of the end mill. Three fourth tips 
4D are mounted on the mounting seats 3D, respectively. 
Accordingly, the fourth tips 4D ... are displaced from the 
first, second and third tips 4A, 4B and 4C in the periph- 
eral direction of the end mill body 1 . 

. The fourth tips 4D are each generally formed in the 
shape of a tabular parallelogram of the same shape and 
dimensions as the first, second and third tips 4A. 4B and 
4C. The fourth tips 4D are also disposed In relation to 
the third tips 4C and the first tip 4A in the following man- 
ner. The rotation locus of the cutting edges 6 ... of the 
respective fourth tips 4D around the axis O is over- 
lapped with the locus of the edges 6 ... of the respective 
third tips 4C. Also, no gap is formed-between the rota- 
tion locus of the edge 6 of the fourth tip 4D most adjacent 



to the forward end of the end mill body and the locus of 
the rear end of the edge 6 of the first tip 4A. In this em- 
bodiment, the axial rake angle ^ of the edge 6 of each 
of the fourth tips 4D is set to be equal to be the axial 
5 rake angle p of the edges 6 of the second and third.tips 
4Band4C. 

The throw-away type end mill of this embodiment is 
constructed in a manner similar to the end mill of the 
previous embodiment. That is, all the tips 4A - 4D at- 

10 tached to the end mill body 1 are formed in the same 
shape and dimensions. Also, the rotation loci of the edg- 
es 6, 6 of the first and second tips 4A and 4B located at 
the forward end of the end mill body are overlapped with 
each other. Moreover, the edge 6 of the first tip 4A pro- 

15 trudes slightly farther toward the fon^rard end of the end 
mill than the edge 6 of the second tip 4B. Accordingly; 
advantages similar to those obtained in the previous 
embodiment can be realized. 

In addition to the above-described construction, this 

20 embodiment is provided with the fourth tips 4D . . . so that 
the rotation locus of the edges 6 of the fourth tips 4D 
can be overlapped with the locus of the edges 6 ... of 
the third tips 4C ... With this arrangement, the cutting 
load acting upon the individual edges 6 of the third arid 

25 fourth tips AO ... and 4D ... can be decreased. This can 
inhibit the degree of the wear and the occurrence of 
chipping more reliably, thereby achieving the much 
longer life of the tips. 

Additionally, in this embodiment, the first and sec- 

30 ond tips 4A and 4B are displaced from each other in the 
peripheral direction of the end mill body 1. Then, the 
fourth tips 4D ... are further displaced from the first, sec- 
ond and third tips 4A, 4B and 4C in the peripheral direc- 
tion. With this arrangement, the peripheral distance be- 

35 tween the edges 6, 6 of the first and second tips 4A and 
4B differs from the peripheral distance between the edg- 
es 6, 6 of the third and fourth tips AC and 4D. This dif- 
ferentiates the cycle in which a cutting load acts upon 
the forward end of the end mill body from the cycle in 

40 which a load acts upon the portion adjacent to the base 
end of the end mill during a cutting operation. 

With this construction, a cutting load acting upon the 
first and second tips 4A and 4B and a load upon the third 
and fourth tips AC ... and 4D ... offset each other. This 

45 prevents a cutting load at a fixed cycle from^acting upon 
the overall end mill body 1 during a cutting operation, 
which would othenwise cause chattering in the end mill 
body 1 due to the cyclic load. As a consequence, the 
precision of the machined surface can further.be im- 

50 proved, and the wear of the tips, in particular, the wear 
of the first and second tips 4A and 4B located at the 
forward end of the end mill body, can be inhibited more 
reliably. 

In the foregoing two embodiments, all the tips 4A - 
55 4D are formed in the shape of a tabular parallelogram 
of the same shape and same dimensions. However, all 
the tips attached to the end mill body 1 may be formed, 
for example, in a generally tabular square shape, as \r\r 
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dicated by 14 shown in Figs. 9 • 11 . The same elements 
of an embodiment shown In Figs. 9 - 11 as those shown 
in Figs. 1 - 4 are designated by like reference numerals. 

. The tip 14 is formed of a hard material, for example, 
cemented carbide or the lilce, and of the type of a positive s 
tip constructed as described below. Major cutting edges 
6 are formed on the respective four side ridges of one 
surface 14a, serving as a rake face, forming the gener- 
ally square shape. At the same time, a minor cutting 
edge 17 is formed between the adjoining edges 16, 16. io 
Lateral faces formed between the rake face 1 4a and the 
other face forming the square shape each has an angle 
of relief. 

The tips 1 4 constructed as described above are de- 
tachabiy fixed to the mounting seats, respectively, by ^5 
means of clamp screws 5. More specifically, the first and 
second tips 14A and 14B are respectively mounted on 
the first and second tip mounting seats 3A and 3B pro- 
vided at the fonvard end of the end mill body 1 . The third 
tips 14C are mounted on the third mounting seats SC.. 20 
spirally formed in the shape of steps adjacent to the 
base end of the second tip mounting seat 3B. In this em- 
bodiment, two pairs of tips, each pair having first and 
second tips 14A and 148, are disposed at the forward 
end of the end mill body 1 , while two third tips 1 4C are 2S 
. arranged adjacent to the base end of the second tip 1 48. 

Further, the first and second tips 14A and 148 po- 
sitioned at the forward end of the end mill body 1 are 
located in the following manner. The edges 1 6, 1 6 of the 
first and second tips 14A and 148 positioned adjacent 30 
to the outer periphery of the end mill have positive axial 
rake angles a and respectively. On the other hand, 
the minor edges 17, 17 of the first and second tips 14A 
and 1 48 extending from the edges 16,16 positioned ad- 
jacent to the forward end of the end mill have negative 35 
radial rake angles y and 0, respectively. Also, the edges 
1 6, 1 6 of the respective tips 1 4A and 1 48 positioned on 
the outer periphery of the end mill are located in such a 
manner that the distance from the fon/vard end of the 
edges 1 6, 1 6 to the axis O is equal to the distance from 40 
the rear end thereof to the axis O. 

The throw-away type end mill is constructed in a 
manner similar to the previous embodiments. That is, 
the first, second and third tips 14A. 148 and 14C are 
formed in the same shape and dimensions. The rotation 
loci of the edges 1 6, 1 6 of the first and second tips 1 4A 
and 14B around the axis O are overlapped with each 
other, and the edge 16 of the first tip 14A protrudes 
slightly farther toward the fon^/ard end of the end mill 
than the edge 16 of the second tip 14B. With this ar- so 
rangement, advantages similar to those obtained by the 
previous two embodiments can be realized. 

Additionally, since four major edges 16 ... and as- 
sociated minor edges 17 can be formed on one tip 14 
In this embodiment, this tip can be utilized more efficient- ss 
ly twice as much as the above-described tips 4 formed 
in the shape of the tabular parallelogram. This can fur- 
ther prolong the life of the tips so as to improve the cost 



efficiency. 

In addition to the above-described construction, the 
following arrangement is made to this embodiment. The 
major edge 16 of the first tip 14A positioned toward the 
outer periphery of the end mill has a positive axial rake 
angle a, while the minor edge 17 positioned toward the 
forward end of the end mill has a negative radial rake 
angle y. The distance from the fonA/ard end of the. edge 
16 to the axis O is equal to the distance from the rear 
end thereof to the axis O. Because of this arrangement, 
it is possible to provide an angle of relief for the edge 1 6 
positioned on the inner periphery of the minor edge 17, 
serving as the end cutting edge, during a cutting oper- 
ation, which prevents the edge 16 located on the inner 
periphery of the fon^rard end of the end mill from inter-, 
fering with the work bottom surface during a cutting op- 
eration. Accordingly, this embodiment is advantageous 
because it can take precautions against a possible de^ 
terioration in the precision of the machined bottom sur- 
face caused by the interference of the edge 1 6 and also 
it can avoid waste and make the best use of the four 
major edges 16 ... formed on the tip 14. 

The same advantages also apply to the second tip 
148 whose minor edge 17 positioned toward the forward 
end of the end mill is provided with a negative radial rake 
angle (|>. Even if the protrusion amount 5 of the edge 16 
of the first tip 14A Is small, the edge 16 of the second 
tip 1 4B located on the inner periphery of the forward end 
of the end mill 



Claims 

1. A throw-away type end mill comprising a generally 
cylindrical end mill body (1 } ) having a plurality of tip 
mounting seats (3A, 3B, 3C, 3D) formed on the 
outer periphery of said end mill body (1 ), and quad- 
rilateral tabular throw-away tips (4A, 48, 4C. 4D), 
of the same shape and dimensions detachably 
mounted on said mounting seats (3A, 38, 3C, 3D), 
respectively, in such a manner that a face forming 
the quadrilateral shape, sending as a rake surface, 
is directed in the rotating direction of said end rnill 
and that a cutting edge (6,7) formed on a side ridge 
of said rake face is positioned adjacent to the outer 
periphery of said end mill. 

2. A throw-away type end mill according to claim 1, 
wherein said throw-away type tips (4A, 4B, 4C, 4D) 
include at least a pair of throw-away type tips (4A, 
48), each pair having first (4A) and second tips (48) 
disposed at the forward end of said end milt body 
(1 ) said first (4A) and second tips (4B) being dis- 
placed from each other In the peripheral direction 
of said end mill body (1). 

3. A throw-away type end mill according to one of 
claims 1 and 2, wherein the rotation loci of the edges 
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of said first and second tips (4A, 4B) around the axis 
(O) of said end mill body (1) are overlapped with 
. each other, and the edge of said first tip (4A) is 
located to protrude slightly farther toward the for- 
ward end of said end mill than the edge of said sec- 5 
ondtip(4B). 

4. A throw-away type end mill according to any one of 
claims 1 - 3, wherein said throw-away type tips (4A, 

4B, 4C, 4D) include at least one third throw^way io 
type tip (4C) disposed adjacent to the base end of 
said second tip (4B). 

5. A throw-away type end mill according to any one of 
claims 1 ^ 4, wherein said third tip (4C) being is 
arranged in such a manner that no gap is formed 
between the rotation locus of the edge of said third 

tip (4C) and the rotation locus of the rear end of the 
edge of said second tip (48) so that said second 
and third tips (4B. 4C) are spirally formed toward 20 
the rear rotating direction of said end mill as they 
go toward the base end of said mill. 

6. A throw-away type end mill according to any one of 
claims 1 - 5, wherein a protrusion amount of the 2S 
edge of said first tip (4A) in relation to the edge of 
said second tip (4B) is set to be in a range of from 

0.1 to 3.0 mm. 

7. A throw-away type end mill according to any one of 30 
claims 1 - 6, wherein the edge of each of said tips 

. (4A, 48, 4C. 4D) has a positive axial rake anige, (a, 
P, 6), and the axial rake angle (P) of the edge of said 
second tip (48) is set greater than the angle (a) of 
the edge of said first tip (4A). 35 

8. A throw-away type end mill according to claim 7, 
wherein the axial rake angle (a) of the edge of said 
first tip (4A) is set to be in a range of from 5** to 15*. 
while the axial rake angle (P) of the edge of second 40 
tip (48) is set to be In a range of from 10° to 30*. 

9. A throw-away type end mill according to any one of 
claims 1 - 8, wherein at least one fourth throw-away 
type tip (4D) is disposed on the outer periphery of ^5 
said end mill body (1 ), displaced from said first, sec- 
ond and third tips (4A, 48, 4C) In the peripheral 
direction of said end mill, In such a manner that the 
rotation locus of the edge of said fourth tip (4D) 

. around the axis (0) is overlapped with the locus of so 
' the edge of said third tip (4C) and that no gap is 

formed between the rotation locus of the edge of 

said fourth tip (4D) and the rotation locus of the rear 

end of the edge of said first tip (4A). 

55 
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Abstractor JP1 0291 115 

PROBLEM TO BE SOLVED: To provide an 
end mill which is applicable to various 
operations in a throw away end mill in which a 
first tip and a second tip are used as positive 
tips of a parallelogram, by improving the 
strength, rigidity of a tool body and obtaining a 
cutting tool shape provided with sharp cutting 
edge. SOLUTION: In a throw-away end mill in 
which a first tip 3 and a second tip 4 as 
positive tips of parallelogram are used, and the 
outer peripheral cutting edge is arranged about 
parallel to the axis, the first tip 3 is arranged at 
the tip end peripheral part so that the long side 
is an outer peripheral cutting edge 6 and the 
short side is a bottom cutting edge 12, and 
from the bottom face view, on the 180 deg. 
opposite side of the first tip 3, the second tip 4 
is arranged symmetrically with respect to the 
first tip 3, and is reorientated 180 deg. from the 
first tip. The second tip 4 is structured so that 
the long side is a bottom cutting edge 8 and 
the short side is an outer peripheral cutting 
edge 7 and so that the height of cutting edge is 
lowered from the bottom edge-outer peripheral 
side at which the long side intersects the short 
side at an acute angle, toward the bottom- 
edge center shaft side at which the long side 
intersects the short side at an obtuse angle, 
that is, an inclined cutting edge can be 
obtained when viewed from the tip side face. 
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i-'yrimb. m.mmjimmhm.m\i-'y 

Tb-h^^t^h'Q yyj) 9 A r<r)X u-r^ x xy H 5 

>\^bt^zb^zx 0 . jiMi:M< X mm^mi 
0* -3 0- (oimm^izRm^ti. tp^. Wi\^<^-f 

<5> L*X = 2 ~ 5 m m -Cib ■§> . 
{00Ql]^mJibti:hW.li-'yr<7MW,t. 10' 

^x'\mmn<r>mm^^ < t-t'u so - 

±Xii. WMM^iiimX'hli--yr^^'y hc7)iDli]W 
<<irOl:a*i*:i!l'tt«T.fc O^iiO t;fc;';^-r<:5r4. 

X. mi^7rc7)tt:^i*ic7)t"^>L«x(±xa5feffit;iR# 
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V^<0;^dfVi:V^a iOs ItScm^is^roTt* O^Ot:' 
:iia*« i: lift t'^i5 1. 31-)ll735tSig{ffl*» '^Sffl i: #6A 

[00081 JJ5feiS$-^. -Pi^ D^^y TflC^jEi^'-SiO 
[00 091 

{m,m\ ms^mb\imm<^mmm^^'f . m^z 
mz\,t'^''fimm(nr^'j'i--/rx'hhm li-vrs tm 

2 f - -y r4 -y 7* -y h 5 Wl" 1) f - 7'Jil*| {C± 

i^isitizx'o^m^mizmm^tix^,^^. ^ixzti 
xmj5^<n-r(:> Lmx^^zxx^fi^ti i m<r)m i ^ 

m'tt:>tiXUh. J:oTMxyKS;Wi. mi^>y7-3 
fflt^ 2 f- 7 ri l*><5^rl. oy/^^ ^ 7'<7)iS^#^ 
xyH5;U-C'$>l). v:;t:'ll2^77-4{i. ||1^77- 

3}:.mnw:>t^m^^:mz't^T^Bm^x\ ma^ 
wmm 9 i)^i^m'p'mm i o i>zmxj}^m^ 

[ 0 0 1 0 1 X, mii-'yr3iimiti^9\-mji ii.m 

;bi.^m^^iii 3f)^mmtmx'^hmmj}m 

s , -e ix±Mmiif^(^i'h i&xmummcom i 
f-77'<7)j'ra4T'tM'j-ri.ff^t<c-5Tv^s, j^, mi 

f-7r, ll2f-7 7-tc*5(t-&i®#f^«o?gJiiil|-C'tfl^ 

[0011] mzimmmz-^\,^xmm-th. miD= 



m. mR0)^^ 9.525 mmi^-C'3ti5l)]Ift*i8 5 
* cOWHia^T', i'|.Jf?D$feWC'C7)^$feif$4. 7 6 
mm, i'hJf J)miigiiT'c7)705tSS4mm(^Mift^oT 

V^|>, X. ll2f-7 7'4}i|glf-7 7'tC|IM8-^<^3lli# 
t'^SaKT)^? 1 6 . 5mm. ®)a^^:^$9. 5 2 5mm 

mnx-^hmmim i ^ 7 rmma 5 ° t- j; t . ^ 

7r-lr7Mi#«0iy3-f-*^tft<9(i5' T'fcl., Xmif- 
77°30lii:6-l6lT4>tfiX{i3mmt', ial;itfta = 2 

0°- cO<Ki!^±t::SeM$iirv^S, ftT, f-7 7T;?. 

[00121 2(sxyH5yPS:ffll^T, mmS50C 
( 2 2 0 H B ) ^mm. 1 2 0 m/m i n \.ZXm\T 
^hUc. WJ<i*^'7DS<0^^}- 1 6 mm, mH^mfiL 
?i-m^2 5T(iml,Zh-h^t)^h^-r. l^i O^Oil^OAO . 

2 5 mm/:?3t'i)^^ L-C^'J-r * C i: *«-C-S ^v!. 
[00 131 

iO, Xo-T'7x-f^77-<7)l:iS^$r^(t^-rv^5fe 
fg|5$r-irtf^hii^i05feffiS5^2tj^J3tt«i: $ 

[HI 1 mm, m^m^zm^JL^^i^mimm: 
[021 ii2{±, if.wm\,zmhx^%^(mmm. 
[03iii3{i, ^wm<^iLmm^^-t , 
[1251 ia5{i, m3(r>wmmi^-f. 

[1161 il6(±, ll30i£ffillS:S^-r, 

[^f^w^l 

1 I^i^s 

3 mi^77' 

4 ^2^7r 

5 •f - 7 7"^^ 7 h 

6 HI ^ 7 7°c7)i'hjg^ 

7 m2^'yr<^9mj} 

8 ll2-?-77°i^E?3 

9 m2f-77'iOE:?3i'hJM(i 

10 m2i-'yr<r>mji^'mm 

11 lgl^77*C7):^ffl (^h^^) 

12 mi^77'comia (jK^) 
13 

14 i'hJ^T^flW 



